











FOREWORD

Increasing world activity in water-resources development has cre-
ated an alert interest in techniques for conducting investigations in
the field. In the United States, the Geological Survey has the re-
sponsibility for extensive and intensive hydrologic studies, and the
Survey places considerable emphasis upon the development of better
ways to carry out its responsibility. For many years, the dominant
interest in field techniques has been “in house,” but the emerging
world interest has led to a need for a published account of this progress.

The papers contained in this report represent a sample of the new
ideas being tested or applied in the hydrologic field program of the
Geological Survey. Some of the techniques described, such as that
for digital recording of water levels and machine processing of river
records may, when perfected, influence the basic course of a major
sector of water-resources investigations. Other techniques, less pro-
found in their scope, can contribute significantly to the accuracy and
ease of field operations.

Luna B. Leopold,
Chief Hydraulic Engineer,
U.S. Geological Survey
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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

SELECTED TECHNIQUES IN WATER RESOURCES
INVESTIGATIONS

NEW INSTRUMENTS FOR SURFACE-WATER
INVESTIGATIONS

By E. G. Barron

ABSTRACT

An electromagnetic velocity meter and an acoustic velocity meter have been
developed for continuously recording the velocity of water at a fixed location
in open channels. The electromagnetic velocity meter records the velocity of
water flowing past a streamlined probe, a rodmeter, mounted at a fixed point in
the water. The acoustic velocity meter records the mean velocity on a line
between transducers mounted in the water near both banks of a stream. These
instruments have no moving parts in the water to be fouled by debris.

A bubble gage and a surface follower have been developed also. These
instruments record continuously the stage of a stream or reservoir without need
of costly and troublesome stilling wells and intakes. The bubble gage utilizes
the gas-purge technique to transmit the pressure of the water to a specially
designed servomanometer that operates a recorder. The surface follower, which
also operates a recorder, follows the water level in a 2-inch or larger pipe that is
mounted vertically in a stream.

A portable sonic sounder has been combined with a Price current meter for
use in measuring fioodflows. In another instrument, the combination includes
a remote-indicating compass for use in determining the velocity and direction
of flow as well as the depth at any point in a river or a tidal estuary.

Also, a two-speed timer has been developed for use on small flashy streams,
where it is desirable to automatically expand the time scale of the recording
of high water to several times the low-water scale.

ELECTROMAGNETIC VELOCITY METER

The electromagnetic velocity meter measures the velocity of flowing
water by a method based on Faraday’s principle: an electrical con-
ductor moving in a magnetic field generates an electrical voltage. As
used in streamflow measurement, the meter continuously records the
velocity of the water at a fixed point in a stream.
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The instrument was originally developed by the U.S. Navy as a
ship’s log for indicating both the speed of the vessel and the total
distance traveled. Figure 1 shows the complete instrument as modified
by the Survey for use in measuring streamflow. The rodmeter (fig. 2)
is about 3 feet long and consists of a fiberglass-reinforced shell with
an aluminum mounting plate at the top. An electromagnet and two
terminals are mounted in the plastic shell. The terminals form part
of an electrical pickup loop through the water. The rodmeter exciter
coil is energized by an oscillator operating at a frequency of 65 to 70
cycles to reduce the effect of 60-cycle currents that may be present in
the water. The signal from the probe is amplified and recorded.

Laboratory tests indicate that the electromagnetic velocity meter
is very sensitive to even slight changes in velocity and is capable of
measuring velocity in either upstream or downstream directions with
respect to the rodmeter. Tests also indicate freedom from long-term
drift. Small percentage errors due to drift were present, however,
when the velocity was changed suddenly. At all velocities, errors from
drift average out in a relatively short time.

The first electromagnetic velocity meter was installed in November
1957 on the St. John’s River at Jacksonville, Fla, Velocities during.
the tidal cycle at this site range from about 6 feet per second in a
downstream direction to about 4 feet per second in an upstream di-
rection. The meter was calibrated at the site and has performed satis-
factorily. Another assembly with more simplified circuits requiring
less maintenance and producing a more desirable response to the probe
signal will soon be installed near ‘Columbus, Ohio, for field trial and
calibration.

ACOUSTIC VELOCITY METER

The acoustic velocity meter uses ultrasonic waves for continuous
recording of velocities of flow in open channels. The technique has
been used successfully to measure velocities of fluids in closed conduits,
and present efforts are directed to the more complicated task of apply-
ing the method to open channels of considerable width. The phe-
nomenon involved in measuring water velocities by ultrasonic waves
is analogous to the Doppler effect of sound in air—the pitch of a
constant sound source varies with both the speed and the direction of
the sound source with reference to the receiver.

The principle can be illustrated by observing what happens when a
stone is dropped in a quiet pool of water. The surface waves travel
out from the source of the disturbance in uniformly spaced concentric
circles. If the water is flowing, however, the waves moving against
the direction of flow will condense—that is, the wavelengths will
shorten—and those moving with the direction of flow will lengthen.
Sound waves produced within the fluid behave in a similar manner.













































VARIATION IN VELOCITY DISTRIBUTION IN A
TIDE-AFFECTED STREAM

By FrRANKLIN C. CRAIG

ABSTRACT

A study of changes in distribution of velocity as a result of unsteady flow is
of consequence in selecting the location for installing an index velocity meter.
Data are presented to show the kinds of variations that occur in tide-affected
streams.

INTRODUCTION

Streams subject to rapidly changing discharge usually cannot be
rated by a simple stage-discharge relation. Additional parameters
are required. One such parameter that can be obtained is a continu-
ous record of the velocity at an index point,

Common types of streams whose rapidly changing discharge com-
plicates the discharge rating are streams subject to power regulations,
tidal action, and sharp peaks from storm runoff. This report is a
study of flow velocities.at an index point in a stream affected by tidal
action. Unsteady flow causes variations in velocity which, if not
taken into account, can negate the value of a record obtained from a
velocity index point. The distribution of velocity in a cross section
was found to vary both vertically and horizontally with the rate of
flow. Tt is therefore necessary that a study be made of the variation
in point velocities before an index point is selected for the continuous
observation of velocity. A standard current meter, such as the one
used in this study, is not well adapted to continuous operation for
periods longer than a few days. A new instrument, the electromag-
netic velocity meter, may prove to be more satisfactory.

PROCEDURE FOR DETERMINING VARIATIONS IN VELOCITY
DISTRIBUTION

Variations in velocity distribution can be noted in floodtime by
the changing paths of drift movement or a change in the turbulence
pattern before and after the crest is reached. Data are seldom avail-
able to judge the relative significance of these changes on a given
stream. To get a complete picture of changes in velocity distribution
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would of course require the operation of many current meters dis-
tributed vertically and horizontally throughout the cross section and
operated throughout a period of changing flow. Because this is sel-
dom practical, an attempt was made to obtain the essential information
using one current meter.

A series of discharge measurements was made by conventional meth-
ods throughout a period of changing flow in one cross section at the
gaging station on the Sacramento River at Sacramento, Calif. At
each of approximately 25 verticals (or stations) in this cross section,
velocity was measured with a current meter at 0.2 of the depth and at
0.8 of the depth—this is a standard procedure in making a discharge
measurement. The time of making each velocity observation was re-
corded. Time-sequence graphs (not shown) were made for each ob-
servation station in the cross section to show the velocity observed
while making each discharge measurement in the series and to show
the recorded time of the velocity observations. The velocity at any
particular time for which a study of velocity distribution was to be
made was picked from this graph. This is a method of obtaining
simultaneous measurements of velocities for the purpose of compari-
son, even though the velocities are changing rapidly with time and the
discharge measurement from which they are obtained takes apprecia-
ble time to complete.

Discharge measurements were made at 2-hour intervals through-
out a 14-day tidal cycle, August 13-27, 1952, and during a Iunar day

June 27, 28, 1957.
EXPLANATION OF RESULTS

Figure 12 shows the relation between the 0.2-depth velocity and
the average velocity in a selected vertical section. It shows the mag-
nitude of the error that would result in determining the flow through
the section if a velocity index point had been located at the 0.2-depth
point in that section. Greater accuracy could probably be attained
by locating the index meter at or near the 0.6-depth point. Auto-
matic depth-positioning equipment is sometimes used to maintain
the meter at a 0.6-depth point. Figure 13 shows that the variations
in velocity distribution are not generally of a random nature, but that
they follow a pattern which is related to changes in the rate of flow that
are caused by changes in the tide phase.

Shown in figure 14 are mean vertical velocities at stations spaced
25 feet apart across the stream. The observations were made through-
out the lunar-day tidal cycle as shown in figure 15. During measure-
ment 2, for example, there was far greater difference between the
velocity at the center of the stream and that at the sides of the stream
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than during measurement 16, yet both measurements were made at
nearly the same stage. Under these conditions an index meter at
the center of the stream or at either bank would not yield an index
parameter that varied with stage alone or that maintained a constant
relation to the mean velocity of the stream. A fairly good relation
could be obtained by an index meter at about station 500, where the
mean velocity would tend to approach the mean velocity of the stream
during all phases of the tidal cycle. Because the stream is wide and’
there is probably some tendency for the flow to shift laterally, espe-
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Fieure 13.—Time variation in ratio of velocity at 0.8 depth to that at 0.2 depth, and stage
hydrograph, station 225, Sacramento River at Sacramento, Calif., August 13-17, 1952,

cially when there is wind, the use of two index meters would be even
better. The two index meters could be located perhaps at stations
200 and 500 and averaged. Possible relations are shown in figures 16
and 17. No attempt was made to determine the best possible index-
point location or locations, but figures 15 and 16 show the improve-
ment in relation that is possible by selecting the stationing and position
in the vertical of velocity index points.
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LOCATION OF INDEX METER

The best location for a velocity index meter is that place at which
the mean velocity in both the horizontal and vertical directions is ap-
proached. The location of the point or points at which the mean ve-
locity in the horizontal direction occurs is not as well defined as it is in
the vertical direction. According to data obtained by Pierce (1941),
the mean velocity in a laboratory flume occurs at about two-tenths
of the midstream distance from the sides. This flume presented an
unnatural condition in that the walls were smooth and the bed was
rough. In several large canals the mean tends to be at about four-
tenths of the midstream distance from the sides. However, if there
is any curvature in the channel this distance is subject to wide vari-
ation. In natural channels there are many factors that influence
the location of the point of mean velocity. The point may have a tend-
ency to move under the influence of changing flow, stage, wind, or
salt or sediment loads.

It may not be possible to maintain a meter at the best possible index-
point location. Errors introduced into the records as a result of
unsteady flow and a meter location that is less than ideal tend to be
compensating over periods of increasing and decreasing flow. Never-
theless, a study of variation in velocity distribution seems necessary in
making such an installation.

REFERENCE

Pierce. C. H., 1941, Investigations of methods and equipment used in stream
gaging : U.8. Geol. Survey Water-Supply Paper 868, 75 p.
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MEAN VELOCITY, IN FEET PER SECOND
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ESTABLISHMENT OF CREST-STAGE GAGES AT DISCON-
TINUED GAGING STATIONS

By PrENTIS M. FRYE

ABSTRACT

Flood-frequency studies require a definition of the mean annual flood. Peak-
discharge records may not cover a sufficient period of time to be used as a
basis for defining the mean annual flood, but such records-can be simply and
inexpensively extended by using discontinued gaging stations.

A gaging station that is discontinued or relocated should be oper-
ated as a crest-stage gage if the station does not have sufficient record
to define the mean annual flood needed in regional flood-frequency
studies. To obtain a reliable record of the flood history, an accurate
method of collecting peak-discharge data is necessary ; and because of
the increasing number of relocated stations, the technique should be
economical. The methods commonly used when regular gaging struc-
tures have been left in place are to install regular crest-stage gages
either inside or outside the gaging structure or to dump cork dust in
the well. Because installation of the regular crest gage is somewhat
costly and because the dumping of cork dust in the well has not
proved to be entirely satisfactory, other methods have been tried.
One of these methods, an economical and effective way of obtaining
water levels was used at the gaging station, Garrison Fork at Fair-
field, Tenn.

A redwood stick is secured to the existing instrument shelf or floor.
A small can containing cork dust is then fastened to the bottom of
the stick. Small holes are punched near the bottom of the can. The
typical installation, shown in figure 18, is for a corrugated-pipe well
with wooden lift-top shelter. For other structures the stick may be
placed near the door or hinged to ensure accessibility. The length of
the stick is determined by placing the bottom of the can at the stage
that is normally exceeded about three times a year.

The gage heights of peaks are determined by measuring from the
top of the withdrawn stick down to the high-water mark made by
cork dust. Also the inside staff gage, if still in place, should be
checked for high-water marks. Gage heights can be adjusted for
surge to agree with previously published data on peaks by considera-
tion of the amount of surge shown on the recorder charts for approxi-
mately equivalent peaks.

Some of the advantages of this type installation are as follows: (1)
Excellent high-water marks, (2) economical cost, (3) ease of installa-
tion, and (4) ease of servicing. The results obtained from this par-
ticular installation have been very accurate.

Z25
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USE OF PLASTIC TUBES FOR PEAK-STAGE GAGES ON
RESERVOIRS

By WriLLarp B. MI1LL8S

ABSTRACT

A solution to the problem of obtaining peak stages at reservoirs equipped with
staff gages is the use of a plastic tube. This tube, attached to an existing staff
gage, provides a precise, easy-to-read, and inexpensive peak-stage indicator.

In making special studies on reservoirs it is sometimes necessary
to use a minimum of equipment. For some reservoirs, nonrecording
staff gages read periodieally are the only means of obtaining stage
data. For water-budget studies, hydrologists must have not only
periodic readings of stage and content but also readings of stage and
content that may occur between the periodic readings. Most reser-
voirs have uncontrolled outlets to bring the reservoir to a fixed level
after an influx of flood runoff; thus only by chance would a periodic
reading of the staff gage reflect the peak stage.

The problem was to devise a peak-stage gage that would be precise,
reliable, operative throughout the range in stage, easy to read, and
inexpensive.

A solution to this problem is the use of a plastic tube installed on
each staff-gage post, as shown in figure 19. All that is required is a
clear plastic garden hose cut to the correct length. A small amount of
cork dust is poured into the hose, both ends are stoppered, and breather
holes are drilled near each end. One of these devices is then clipped
to each staff gage. The clips used are standard pipe clips, and these
are attached to the gage by using the screws that anchor the gage
plates.

This type of installation has several advantages. It is inexpensive.
No levels are required, as the gage height is read from the existing
staff gage plates. The cost of the material required is inconsequential.
A minimum of time and tools are needed for installation; the tube can
be cut with a knife and installed with a screwdriver. Peak marks on
the tube can be read as precisely as the staff gage permits, yet the gage
requires no special setting. Although the tube must be firmly secured,
it need not be exactly vertical, as the height of the water surface is all
that is required. It can be adapted to any range in stage, an im-
portant factor when each staff gage is an individual installation.
Peak marks are easily removed after reading. Regardless of aging
and cracking, the tube will continue to operate.

There are some disadvantages. The tube can be moved or destroyed

z27
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by vandals before a peak stage can be read. This is always a threat,
but most reservoirs are built on farms that are fairly well guarded
against trespassers by the farmers themselves. Also, the tube is sub-
ject to becoming soft and pliable in hot weather; tight hose clamps
are required or the tube will slide out. Spiders build nests in the
tubes, and the webs tend to strain the cork dust and prevent a distinct
peak mark.

. \k\\\ > | Drill %-inch holes in top and bottom
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FIcURE 19.—Peak stage gage for reservoirs.



FIELD FILTERING UNIT FOR WATER SAMPLES

By PAauL G. DRAKE

ABSTRACT

Separable material can be removed from a water sample at the time of collec-
tion by a simple filtration assembly. Precipitates of heavy-metal jons, partic-
ularly iron and manganese, which may form during the storage period before
analysis, can be redissolved, and the analysis will then represent the sample
concentration at the time of collection.

INTRODUCTION

The validity of the chemical analysis of a natural water sample is
predicated upon the assumption that equilibrium between sediment
and dissolved material exists in the water at the time of collection and
that with certain precautions this equilibrium is sufficiently main-
tained until the time of analysis.

Among the factors that may affect this equilibrium are oxidation,
reduction, absorption, ion exchange, precipitation, and solution of the
sediment. These reactions particularly affect many of the heavy-
metal ions normally presernit in only trace amount to the extent that
the collection of a separate sample—filtered to remove the sediment
and, in some instances, chemically fixed at the time of collection—is
advisable.

Iron and manganese are determined more frequently in water
analysis than other heavy metals, and concentrations of iron and man-
ganese are important parameters that affect a wide variety of munic-
ipal and industrial uses. Iron and manganese occur in water at two
levels of oxidation. Iron, for example, occurs either in the bivalent
ferrous or trivalent ferric state. The chemical behavior of the two
forms is somewhat different, although both may be present in the same
solution under certain circumstances. Under reducing conditions,
iron in water will tend to be in the ferrous state. The ferrous salts,
however, are unstable in the presence of oxygen or air and are changed
to the ferric state through oxidation when natural water containing
ferrous iron is exposed to the air.

In the pH range of 6 to 8, the solubility of feric iron in solution is
limited by the solubility of ferric hydroxide, about 4 X 10-° to 5X10-¢
mg (milligrams) of iron per liter, which is below the limit of detec-
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tion by methods ordinarily used in water analysis (Hem, 1959, p.
58-66). The precipitation of ferric hydroxide is frequently observed
in stored samples that contain ferrous iron in solution.

In surface waters and in many ground waters the sediment nor-
mally present often includes some iron oxides that are formed in the
process of weathering and are carried in colloidal suspension or as
very small sediment particles. In water analysis, the determination
of suspended iron is usually not desired; and because it is impossible
to separate the soluble iron that has precipitated from the naturally
occurring sediment after the sample has been collected and transported
to the laboratory, the sample must be filtered at the time of collection.
The filtration assembly here described is being used in the field by
technical personnel engaged in water-resources investigations to obtain
a sample that represents the iron or other heavy metal in solution at
the time of collection. The sample can be chemically fixed after this
separation process.

DESCRIPTION OF FILTERING UNIT

The filtering unit consists of a two-piece polyethylene buchner fun-
nel and a 6-ounce polyethylene bottle that serves both as the collecting
vessel and as the source of suction. The buchner funnel is modified
by inserting a perforated plastic disk between the two sections. This
serves as a firm base for the filter paper that is placed between the
two sections of the funnel. A rubber stopper fitted on the neck of the
funnel and positioned in the polyethylene bottle provides an adequate
seal to maintain sufficient vacuum for the system.

The grade of filter paper used depends upon the particle size to be
retained. For most waters a filter paper of medium speed and high
wet strength (Whatman No. 30 or equivalent) is satisfactory. How-
ever, a more retentive paper (Whatman No. 42 or equlvalent) may
be used where necessary.

The parts and the unit shown in figure 20 are identified as follows:

A, Upper section of two-piece polyethylene buchner fun-
nel, designed for 55-mm filter paper.

B, Perforated plastic disk 25%,-inch diameter, 145-inch
thick, positioned in the lower section of the buch-
ner funnel.

C, Lower section of two-piece polyethylene buchner
funnel.

D, Polyethylene bottle, 6-ounce capacity.

E, Filter paper, 90-mm diameter (oversize to form cup
when placed between the two sections of the buch-
ner funnel.)

F, Filter unit assembled.









TEST OF A CONTINUOUS DISSOLVED-OXYGEN
RECORDER

By Davip McCARTNEY

ABSTRACT

A dissolved-oxygen recorder was tested in the Delaware River near Phila-
delphia, Pa. The principles of operating the recorder are based on Henry’s
Law and the paramagnetic behavior of oxygen. The location for the test was
determined by the convenience of the site and the fact that a wide variation
in dissolved oxygen occurred there. Results of the test were based on 40 ob-
servations of dissolved-oxygen recorder values as compared to 40 simultaneous
chemical determinations. Initially, observations were made twice daily, and
finally, after reliability was established, about every 3 days. Total tésting time
was 59 days.

On the basis of specifications for accuracy of the dissolved-oxygen recorder
and the accuracies of chemical tests, temperature, and oxygen-solubility tables,
a limit of a difference of 5 percent saturation units is considered acceptable.
This difference was exceeded only 5 times in 40 observations. The results
of this test compare favorably with a previous test of this instrument by Macklin,
Baumgartner, and HEttinger (1959).

INTRODUCTION

The absence, deficiency, or surplus of dissolved oxygen in water is
closely related to management of water resources, particularly to dis-
posal of sewage and industrial wastes. For proper classification and
use of a stream it is helpful to understand the dissolved-oxygen
characteristics of the water. The content of dissolved oxygen in wa-
ter at equilibrium with normal atmospheric conditions is a function
of the temperature and salinity of the water, because the ability of
water to hold oxygen decreases with increasing temperature or dis-
solved solids.

The City of Philadelphia’s Water Department is interested in ad-
ditional information on the dissolved-oxygen content of Delaware
River water. Continuous records of conductance, temperature, and
dissolved oxygen are invaluable for describing the characteristics of
Delaware River water and for identifying the factors that are respon-
sible for changes in its quality.

The City of Philadelphia and the U.S. Geological Survey have been
making monthly observations of the chemical quality of the Dela-
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ware River water between Trenton, N.J., and Marcus Hook, Pa.,
since August 1949 (Durfor and Keighton, 1954). Most of these ob-
servations have included the determinations of dissolved oxygen
(D.O.) and biochemical oxygen demand (B.0.D.). Since 1955, pe-
riodic sampling has been supplemented by data from continuous con-
ductivity and temperature recorders. The amount of dissolved solids
can be estimated from the electrical conductivity of the sample; so
these recorders supply a continuous estimate of the dissolved-solids
concentration. In 1959 the use of a dissolved-oxygen recorder for an-
alyzing the Delaware River water was begun, and in 1961 it was
proposed to test another dissolved-oxygen recorder operating on a
different principle. Such instrumentation facilitates studies of
changes in dissolved-oxygen content as influenced by tidal flow, stream
discharge, salinity, and other factors.

PRINCIPLES OF OPERATION

The dissolved-oxygen recorder operates on the principle of Henry’s
Law and the paramagnetic behavior of oxygen (oxygen is attracted
by a magnetic field). As applied to water and oxygen, Henry’s Law
may be stated as follows: At equilibrium, the partial pressure of oxy-
gen above a water surface is directly proportional to the concentration
of dissolved oxygen in the water (fig. 21),or:

P=KN
where
P=partial pressure above the water surface,
K=nproportionality constant (Henry’s Law constant), and
N=concentration of dissolved oxygen in water (ppm).

The proportionality constant, &, in this equation is for a given tem-
perature. Variation in the partial pressure at a given temperature in-
dicates variation in dissolved oxygen. Therefore, at a given tempera-
ture, the partial pressure due to the dissolved oxygen above the water
surface is proportional to the percent saturation of dissolved oxygen
in the water.

Oxygen is paramagnetic because 1t has two unpaired electrons.
Most other gases (fig. 22) such as hydrogen sulfide, nitrogen, and car-
bon dioxide are diamagnetic (repelled by a magnetic field). Nitric
oxide and nitrogen dioxide are paramagnetic, but their concentration
in surface waters is extremely small. Their effect, therefore, is
negligible.

The dissolved-oxygen recorder installation consists of three major
units—a pump, a contact sampler-analyzer (figs. 23, 24), and a Wheat-
stone Bridge recorder (fig. 25). The entire system operates from a
115-volt 60-cycle source and draws about 10 amperes. With the system
in operation (fig. 26), the water sample is drawn through a 25-mesh
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RELATIVE UNITS

02 N2 CO2 Hz SO2 NH2z CH4 NO NO2

FicURP 22.—Magnetic susceptibility of various gases relative to oxygen.

screened intake that prevents debris from fouling the system. The
sample is pumped at a constant, above atmospheric, pressure (3-5
pounds-per-square-inch gage) into an aspirator where it mixes with
the gases already in the system. (The exact system pressure is not
important, but it must exceed the highest partial pressure exerted by
the oxygen plus the nitrogen mixture. For example, at 200-percent
saturation the system pressure would have to be 6 pounds-per-square-
inch gage to maintain volume control.) The higher pressures of the
system cause these gases to dissolve in the water.

Thorough mixing at the aspirator produces rapid equilibrium, in
accordance with the principle of Henry’s Law. The aspirated water
sample is then forced into a water-gas separator, where the water is
discharged. When the gases in the system dissolve in the water, the
water level tends to rise in the water-gas separator. To prevent flood-
ing of the system, a level-control electrode has been installed. When
the water contacts this electrode a solenoid is actuated, and this allows
the entry of about 1 cc of nitrogen gas, which forces the water level
down. So that nitrogen may enter the system, the pressure of the gas
is maintained at 14 to 1 pound per square-inch gage above the system
pressure. An additional flood-prevention device has been installed in
the base lines to and from the analyzing cell. Water passing these
points completely shuts down the pumping unit, thus preventing dam-
age to the analyzing cell. The undissolved gases above the water in
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The site for this first dissolved-oxygen test was the Delaware River
Chestnut Street pier, Philadelphia, Pa. This location was convenient
for daily observations and tests, and the river at this point has a wide
range of percent-saturation dissolved-oxygen values. The suspended
solids of the stream did not exceed 100 parts per million during the
test. Previous work has indicated that this instrument will operate
in activated sludges containing as much as 4,000 parts per million
solids. No tests have been made to verify this. Power requirements
for the instrument are such that battery operation would be very
costly, so that it is desirable to select a site where power is readily
available.

RESULTS OF TEST

At the beginning of the test, water samples were collected as fre-
quently as twice daily at the point of intake. With further testing,
this time interval was extended. Collection, treatment, and determi-
nation of dissolved oxygen were carried out in accordance with recom-
mended methods (American Public Health Assoc.,1955). The Alster-
berg modification of the Winkler method (Alsterberg, 1925) was
used for the laboratory dissolved-oxygen determination. The water
temperature and barometric pressure were noted at the time of collec-
tion for conversion of parts per million to percent saturation of dis-
solved oxygen. The percent-saturation results of the chemical de-
terminations were compared with the percent-saturation values of the
recorder at the time of sampling.

During 59 days of testing, about 40 observations were made. The
absolute difference between the analyzed percent saturation and the
recorded percent saturation (dissolved oxygen) was noted. The
average of these absolute differences was found to be 2.4-percent satu-
ration units. These results compare favorably with the results of
the initial field testing of the instrument by Macklin, Baumgartner,
and Ettinger (1959). During their test, in which 21 samples of raw
water from the Ohio River were analyzed, the absolute difference be-
tween recorded and analyzed values averaged 3.8-percent saturation
units. Tt is difficult to place severe restrictions on the difference be-
tween the recorded and the analyzed oxygen concentrations because
of the possible errors of both methods. However, the supplier of this
test instrument has indicated an accuracy of = 2 percent of full scale
(0-100 percent saturation dissolved oxygen). On the other hand, it
is not too difficult to realize = 2-percent saturation variations in the
analyzed results when considering temperature (= 1° F) or dissolved
oxygen saturation tables (= 0.07 ppm) by the Alsterberg method
(= 0.1 ppm). The previously mentioned investigators considered a
limit of difference of 5-percent saturation as satisfactory. This figure
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is reasonable and has been used as the standard for this test. Of the
40 observations, only 5 exceeded this acceptable difference limit.

MAINTENANCE OF THE INSTRUMENT

All recording instruments require careful maintenance. Mainte-
nance checks were made every 3 days. At the test site the intake
screen required cleaning from algae and sediment once each week.
The instrument was calibrated once each week. The system pres-
sure and nitrogen pressure were checked daily.

Breakdowns were few and usually minor. A broken intake screen,
which caused fouling of the system; a loose motor wire; and a leak
in the nitrogen supply accounted for all of the downtime. Failures
of this type should be considered uncommon and unavoidable as re-
currence is unlikely. With experience and a proper servicing sched-
ule, loss of record would be minimized.

REFERENCES

Alsterberg, Gustof, 1925, Methods for the determination of elementary oxygen
dissolved in water in the presence of nitrites: Biochem. Zeitschr, v. 159,
no. 36.

American Public Health Association, American Water Works Association, Fed-
eration of IS'ewage and Industrial Wastes Associations, 1955, Standard
methods for the examination of water, sewage, and industrial wastes : New
York, N.Y., American Public Health Assoc., 10th ed.

Durfor, C. N., and Keighton, W. B., 1954, Chemical characteristics of Delaware
River water, Trenton, New Jersey, to Marcus Hook, Pennsylvania: U.S.
Geol. Survey Water-Supply Paper 1262,

Macklin, M. O., Baumgsrtner, D. J., Ettinger, M. B., 1959, Performance test of
continuous recording dissolved oxygen analyzer: Sewage and Indus. Wastes,
v. 31, no. 7.



ACCURACY OF THREE NONSTANDARD RAIN GAGES
By R. H. MUSGROVE

ABSTRACT

Rainfall catches from three nonstandard gages of various sizes were com-
pared with those from a standard U.S. Weather Bureau 8-inch gage. Results
show catches in gages with thin walls or sharp-edge receiver rings are accurate
regardless of the size of the gage.

Long-term rainfall records are usually the first hydrologic data to
be compiled in water-resources investigations. It is often necessary to
use rainfall records collected from nonstandard gages that have ques-
tionable accuracy. To make a study of the comparative accuracy of
nonstandard gages, rainfall records were collected for 8 months in
Ocala, Fla., from 4 nonrecording rain gages—38 were nonstandard tubes
and 1 was a U.S. Weather Bureau standard 8-inch can.

The gages were installed in accordance with the U.S. Weather
Bureau standards on exposure and location. The receiver rings of
the gages were set at the same height and about 2 feet apart. The gages
were all cylindrical and ranged from 0.65 inch to 8 inches in diameter.
They are described as follows:

1. A standard U.S. Weather Burean 8-inch can with sharp-edge re-
ceiver ring.

2. A 2.8-inch aluminum can with 0.02-inch wall thickness and square-
edge receiver ring.

3. A 0.85-inch glass tube with 0.06-inch wall thickness and round-edge
receiver ring.

4. A 0.65-inch plastic tube with sharp-edge receiver ring.

Rainfall catches from the three nonstandard gages were compared
with those from the U.S. Weather Bureau 8-inch gage, as shown in
figure 29. The results point toward certain factors that can be applied
to rainfall records if the type of gage is known. The thickness and
cross-sectional shape of the receiver ring and the size of the receiving
area, relative to the measuring area, are important factors.

The 2.8-inch aluminum gage underregistered by an average amount
of 0.07 inch compared with the U.S. Weather Bureau 8-inch gage.
Rainfall catches in this gage were measured by emptying them into
a graduated cylinder. Water adhered to the walls of the gage, and
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consequently the total catch could not be measured. The 0.02-inch
wall was thin enough to act as a sharp-edge receiver ring. A constant
correction of +0.07 would be required when the aluminum gage is
used.

The 0.85-inch glass gage overregistered all catches by an average of
11 percent. This gage was made of relatively thick glass, and the
receiver ring was rounded. Much of the rain falling en the receiver
ring was caught in the gage, giving a funneling effect. A coefficient
of 0.89 would be required for catches from this gage.

The 0.65-inch plastic gage is the type distributed by seed companies
and is used as a “backyard” rain gage. The catches from this gage
showed no constant source of error except the refinement to which it
could be read. The scale was on the tube mounting and was gradu-
ated to 0.1 inch. The readings scattered considerably in comparison
with readings of the U.S. Weather Bureau 8-inch gage, but the av-
erage of all readings was fairly accurate.

The principal conclusion drawn from the test is that if the receiver
ring of the gage is thin or has a sharp edge, the rainfall catch is ac-
curate regardless of the size of the gage.






WORKING GRAPH FOR COMPUTING UNMEASURED
SEDIMENT DISCHARGE

By Bruce R. CoLBY

ABSTRACT

The part of the sediment discharge that is usually not determined at a river
cross section can be quickly approximated on a nomograph from the mean ve-
locity, the depth of flow, and the concentration of bed material in depth-inte-
grated sediment samples.

LIMITATION OF DEPTH-INTEGRATING SAMPLERS

Depth-integrating samplers such as the U.S. DH-48, U.S. D-43,
and U.S. D49 models ([U.S.] Federal Inter-Agency River Basin
Committee, 1952) are widely used to sample the suspended-sediment
discharge of streams. However, they have an inherent limitation in
that their intake nozzles are still a few inches above the streambed
when the bottom of the sampler touches the bed. Thus, neither the
bedload (the sediment that moves along very near the bed and is sup-
ported mainly by the bed rather than by the turbulence of the flow)
nor the suspended sediment within a few inches of the bed is usually
collected in depth-integrated samples. The concentration of the un-
sampled suspended sediment near the bed is normally greater than
the concentration of sediment higher in the flow. Hence, sediment
discharges computed from the samples and from the flow through
the cross section at the time of sampling are generally less than the
total discharge of sediment through the section by an appreciable
amount, which is commonly called unmeasured sediment discharge.
This unmeasured sediment discharge consists mainly of the material
that is coarse enough to be significantly more concentrated near the
bed than higher in the flow. In general, it is composed mainly of
particles that are coarse enough to be found in appreciable quantities
in the streambed and hence to be called bed material.

FACTORS AFFECTING THE UNMEASURED SEDIMENT DISCHARGE

Several factors have major effects on the unmeasured sediment. dis-
charge per foot of stream width. The bedload discharge depends
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mainly on the velocity of the water near the streambed and on the
particle sizes of the bed sediment. The concentration of the suspended
bed material both near the bed and higher in the flow is determined
by such major factors as the velocity near the bed, particle size of the
bed sediment, configuration of the bed, turbulence of the flow, and
water temperature. All the major factors that control the unmeas-
ured sediment discharge can be roughly represented by mean velocity
and a ratio of bed-material concentration. The mean velocity is a
measure of both velocity near the bed and turbulence of the flow.
For a cross section, the ratio of the concentration of bed material in
the depth-integrated samples to the concentration of bed material from
a set of partly empirical and partly theoretical curves (fig. 30, auxil-
iary diagram) is a rough measure of the availability of bed material.
That is, the concentration of bed material may be higher than the
standard (the auxiliary diagram of fig. 30) because of fineness of the
bed material, low water temperature, or abnormally high turbulence
for the particular combination of velocity and depth. If the concen-
tration is higher than the standard, the bed material seems to be more
available than usual, and the unmeasured sediment discharge prob-
ably is also higher than the standard (the main curve of fig. 30).

COMPUTATION PROCEDURES

The definition of approximately the same curves as those of figure
30 and the basic general approach to computing unmeasured sedi-
ment discharges have previously been explained in detail (Colby,
1957).

Rough approximations of the unmeasured sediment discharge per
foot of width of sand-bed streams can be taken directly from the
main curve of the monograph. However, more accurate unmeas-
ured sediment discharges usually can be determined by using the
auxiliary diagram to adjust for the sampled concentration of bed ma-
terial if the sampled concentration and depth of flow are known.

As an example of the use of figure 30, assume a depth of 5.0 feet,
a mean velocity of 4.5 feel per'second, and a measured concentration
of bed material of 620 parts per million. Place one leg of a pair
of dividers on the intersection of the line for a depth of 5.0 feet and
the vertical line for a mean velocity of 4.5 feet per second. (If the
depth is between the depth lines, the interpolation is not a straight
line but can be made so with a little practice.) Place the other leg
of the dividers vertically below the first leg and on the line that rep-
resents 620 parts per million. From the curve of the main graph,
measure this divider span downward along the line for a mean ve-
locity of 4.5 feet per second. The indicated unmeasured sediment
discharge per foot of width is 31 tons per day.
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Fi6URE 30.—Nomograph for computing unmeasured sediment discharge per foot of stream
width.

Some hydrologists may prefer to obtain the unmeasured sediment
discharge for the total width of the stream directly by “divider
mathematics.” Suppose the width of the stream is 67 feet. Then
the divider span as determined on the auxiliary graph should be
increased (the distances that represent logarithms must be added or
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subtracted according to algebraic sign) by the distance between the
horizontal lines that are marked 6.7 and 10 tons per day on the main
graph. The new span is then measured downward from the main
curve along the vertical line that represents a mean velocity of 4.5
feet per second. The indicated unmeasured sediment discharge is
20.5 tons per day for a width of 0.67 foot, or about 2,000 tons per day
for the width of 67 feet.
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Fie¢URE 34.—Arrangement of instruments at left end of shelf in recorder
shelter.

of transparent garden hose, and the tipping-bucket attachment was
fastened to the collar. After the attachment was leveled, it was cali-
brated with the 8-inch receiving can in place on the instrument shelf.
Then the counter and marking-pen unit was installed in the Stevens
recorder, and wiring to the battery and tipping-bucket unit was com-
pleted.






SIMPLIFIED METHOD OF ALTIMETER SURVEYING

By Roy NEWCOME, JR.

ABSTRACT

Altimetry is an inexpensive and time-saving substitute for spirit-level surveys
that do not require extreme accuracy. A one-instrument method, in which read-
ings at successive stations are made within small intervals of time, has been
observed to provide a general accuracy within 2 or 3 feet.

INTRODUCTION

Altimetry is a useful tool for hydrologists in regions lacking ade-
quate topographic maps. In many investigations it is not expedient,
financially or timewise, to make spirit-level traverses. Also, the great
accuracy obtained in spirit leveling commonly is not required.

Several methods of altimeter surveying are in use, but most of them
require two or more instruments, and tedious calculations and correc-
tions. The purpose of this discussion is to describe a method of al-
timeter surveying that requires only one instrument and a minimum
of calculation. Altitudes determined by this method approach in
accuracy those provided by the more complicated procedures. An
average error of only 2 to 3 feet and a maximum error of 6 feet were
noted during use of the method for 5 years in gently rolling to rough
country in Tennessee.

METHOD

Following is the procedure found satisfactory by the writer. A calm
clear day is chosen when possible. Gusty days or days when the sun
is “in-and-out” and temperature changes are sudden should be avoided.
Best results are obtained if the work is done between 9 a.m. and 4 p.m.,
as the effects of convection are least during that period of the day.

The altimeter is read at or near the bench mark, care being taken
to place it in a level position in a shaded place. After allowing time
for the altimeter to overcome any lag due to recent changes in altitude,
the instrument is read 3 or 4 times at 3- or 4-minute intervals. During
this period a thermometer is suspended in an open place out of the
sun and some distance from the earth or any other body likely to
interfere with the temperature and circulation of the air. A tempera-
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ture reading is taken and recorded, along with the time of the reading.
Reliable air-temperature readings can be obtained while driving by
holding the thermometer outside a window on the shady side of the car.

Not more than 10 minutes should elapse between readings at suc-
cessive stations. If it is not possible to go from the base bench mark
to the point for which the altitude is to be determined in 10 minutes,
readings should be taken at an intermediate point. This has the ef-
fect of moving the bench mark nearer the unknown point. As many
intermediate points as desired may be visited, provided they are re-
visited on the return leg of the traverse. The traverse may be ter-
minated at a bench mark other than the one from which the traverse
started. The readings at the termination must be adjusted for the dif-
ference in altitude between the two bench marks.

When a traverse is completed, two corrections must be applied to
the altimeter readings in order to obtain the correct altitude. The first
correction made is the temperature correction. As most altimeters
are constructed to yield accurate pressure readings only when exposed
to an air temperature of 50° F, it is necessary to make corrections
when the air temperature is above or below 50° F. For this purpose,
a temperature-correction chart (fig. 35) constructed by Rogers (1947)
is used.

Vertically, the chart is divided equally into eight sections repre-
senting 100 feet each. These are in turn divided into 10 units repre-
senting 10 feet each. The altitude of the base bench mark is set
opposite the middle horizontal line. Subsequent altimeter readings
are marked on the vertical scale with relation to the first reading. A
sliding scale may be constructed as an aid in this step.

Horizontally, the chart is divided equally into five sections, each
representing 10° F. The curved lines on the chart are obtained by
use of the formula »y=1, #y=3, sy=>5, and so on. The spaces be-
tween the curved lines on each half of the chart are numbered con-
secutively from 1, away from the middle horizontal line. The lines
representing an altimeter reading and the temperature of the air at
the time of that reading intersect at a point on the chart. The num-
ber of the section in which the point falls is the number of feet to be
applied to the altimeter reading to compensate for the difference be-
tween the air temperature and 50° ¥. For temperatures above 50°
F the corrections are positive on the upper half of the chart and nega-
tive on the lower half. If the correction is positive it is added to the
observed barometric reading; if negative, it is subtracted. For tem-
peratures below 50° F the signs of the chart are reversed. For this
reason, the temperature headings at the top are 50°, 40°, 30°, 20° F,
and so on.
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The chart in figure 35 shows that at a temperature of 50° F there is
no correction regardless of differences in altitude and that for points
having the same altitude as the bench mark, there is no correction
regardless of the temperature.

After applying the temperature correction to the altimeter readings,
the readings are plotted against time on graph paper in order to deter-
mine the barometric correction. Figure 36 is a typical traverse in
which the altitude for only one well is determined.
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FIGURE 36.—Barometric-correction graph for one-well traverse.

In plotting the altitudes, the first reading taken at the bench mark
is the datum for the other bench-mark readings. Thus it is assumed
as the line of no correction and may be labeled “0.” As subsequent
bench-mark readings already have had temperature corrections ap-
plied to them, the amount that any reading lies above or below the
“0” line is the barometric correction that must be applied to that read-
ing to make it equal the known bench-mark altitude. The correction
is negative if the reading is above the “0” line and positive if below it.

In plotting the well readings on the barometric-correction graph it
is necessary only to locate the points on the proper time lines and in
the correct relationship to one another, as they are moved arbitrarily
up or down the time lines in order to fit into the barometric curve of
the traverse. It is upon the “fit” of the well-reading curve with the
barometric curve that the accuracy of the traverse depends. The first
step is to draw a smooth curve that passes through the bench-mark
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readings. The slope of the curve between the two sets of bench-mark
readings indicates the fluctuation of barometric pressure in that inter-
val of time. It isthen generally a simple matter to fit the well-reading
curve into the barometric curve by sliding it up or down the time lines.
At this point the barometric correction for any time on the traverse
may be taken from the graph and applied to the altimeter readings
already corrected for temperature deviation.

Each altimeter user will probably develop his own form of note
keeping. The one shown as table 1 has proved convenient for this

writer.
TABLE 1.—Notes for graph in figure 36

February 14, 1952 Bench mark: U.S. Coast and Geodetic Survey,
Weather clear 2327 ; altitude, 663.743 feet
Tempera- | Altimeter | Tempera- | Corrected | Barometric
Station Time ture reading ture altimeter | correction | Altitude
(a.m.) °F (feet) correction | reading- (feet) (feet)
(feet) (feet)

664 0 664 -0 664
665 0 665 -1 664
665 0 665 -1 664
778 +3 781 -1 780
779 +3 782 -2 780
782 +3 785 -5 780
784 +3 787 -7 780
677 0 677 -13 664
678 0 678 —14 664
675 0 675 -11 664
674 0 674 -10 664

1 Bench mark.

Several altitudes can be determined in a single traverse if the points
are visited in a sequence that permits for each point the drawing of
a barometric curve that can be fitted logically into the curves for the
other wells. This is illustrated in figure 37.
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FIGURR 37.—Barometric curve for multiple-well traverse.
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PRECAUTIONS TO BE OBSERVED IN MAKING ALTIMETER SURVEYS

Not all barometric curves plot as smoothly as those shown in fig-
ures 36 and 37. It is not unusual to obtain erratic or inconsistent
curves for one or more of the following reasons: Unfavorable weather
conditions, sticking of the altimeter needle, local warm or cold air cur-
rents, vibrations, and haste by the operator in taking readings.

The following is a list of suggestions, or precautions, that should
aid in obtaining a reasonable percentage of good altitude determina-
tions.

1. Use an altimeter that is checked frequently for instrument errors;
use the same instrument for all work, if possible.

2. Run altimeter surveys only during calm weather and not during
hours when the earth and air are being heated or cooled rapidly.

3. Use care in taking temperature readings; the thermometer should
be in the shade and where air can circulate freely around it.

4. Allow time for altimeter to settle down after reaching a new sta-

"tion ; be sure needle is free.

5. If readings at a station contradict one another, take a few more to
define the trend.

6. The less time that elapses between visits to different stations, the
more accurate the survey.

7. In plotting the barometric curve, discount points that are obviously
erratic and draw a logical curve through the consistent points.

When starting an altimeter traverse, the instrument can be set to

read the initial bench-mark altitude, or it can be locked in a perma-

nent position and the difference between the first reading and the

bench-mark altitude applied to all readings of that traverse. An ad-

vantage of the latter method is that it requires one less manipulation

of the instrument.
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